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ABSTRACT 

By superimposing two series of grids, one longitudinal 
and one transverse, on a typical bulkhead-deck arrangement 
of a destroyer, an analysis of the effect of stiffener 
spacing on the total weight of structure has been made. 
Assuming normal design criteria, the weight of longitudinal 
structure and the weight of transverse web frames have been 
calculated for nine possible arrangements with the same 
strength as measured by the design criteria. 

From analysis of the results, it is concluded that 
there is a minimum number of longitudinals necessary to 
give the minimum structural weight. This number provides 
the arrangement which results in the maximum spacing of 
longitudinals at which the minimum required section modulus 
is obtained. Beyond this, any increase in the number of 
longitudinals serves to increase the complexity (hence cost) 
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of structure at no decrease in weight. 

The variation in web spacing produces very little change 
in weight. There is a small advantage in decreasing the 
spacing in the ends of the midships three fifths length 
to provide a gradual transition to end framing conditions. 
There is a slight penalty, introduced in the total structural 
weight, when excessive web spacing is used amidships. As a 
practical matter, web frame spacing appears to be best 
governed by arrangement advantages and not weight consi- 
derations . 

The critical factor in determining least weight of 
structure seems to be the design criteria. Small changes 
in the required section modulus, 1/r of deck longitudinals, 
and degree of fixity assumed in calculating buckling strength, 
could lead to far greater changes in the weight of structure 
than variations in stiffener spacing. Further research into 
the reduction of ship structural weight might better be 
applied to evaluating design criteria rather than evaluating 
framing systems. 
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NOTATION 



A Cross-sectional area 

a Length of plating (in the longitudinal direction) 

B Plating Width Factor = b/t \J ay/E 

Ratio of bending to shear stress in Bleich and Ramsey 
buckling formula 

b width of plating (in the transverse direction) 

a/b aspect ratio of plating panel (in considering shear 
stress a/b is the long dimension over the short 
dimens ion. ) 

C Any coefficient 

D Flexural rigidity of a plate = Et^/l2(l“U^) 

E Modulus of elasticity 

H Hydrostatic head 

I Moment of Inertia of ship or longitudinal 

K Coefficient of buckling in Bryan formula or coefficient 
of hydrostatic stress in normal loading 

L Length of vessel 

1 Length of beam 

1/r Slenderness ratio of longitudinals 

M Bending moment 

Q. First moment of area about the neutral axis 

r Radius of gyration of a longitudinal 

SF Safety factor 

s Spacing of longitudinals 

t Thickness of plate 

UCS Ultimate compressive stress 

u Poisson's ratio 

Vertical shearing force 

Vlii 



V 



w 

X 

y 

z 

A 

P 

°i 

a 2 

a 3 

a, 



cr 



pounds per foot of water pressure 

A function of aspect ratio in the Bleich and Ramsey 
buckling formula 

Distance from neutral axis to extreme fiber 
1/y - Section modulus of ship or longitudinal 
Displacement of the ship 
Density of water 

Ratio of Young’s modulus to tangent modulus in Bleich 
and Ramsey buckling formula. 

Primary bending stress = (M/Zjgj^p 

Secondary or line stress = (M/z) longltudinalt „p late 

combination 

Tiertiary or point stress = (M/Z) plate under normal load 
Indicated stress in Bleich and Ramsey buckling formula 
Critical buckling stress in compression 
Shear stress 
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I. INTRODUCTION 



To most naval architects it has become increasingly 
apparent that the science of ship structural design and 
analysis has lagged behind that of hydrodynamics, pro- 
pulsion, and newer fields. Advances in ship structure 
have been made through improvements in building techniques 
and materials, but we have not advanced correspondingly 
in our ability to analyze the relative adequacy of ship 
structures. Midship Section Design has remained largely 
a matter of designing an adequate structure from strength 
considerations, which is, at once, comparatively light in 
weight, compatable with the desired arrangements, and 
relatively cheap to construct. 

The heart of the design problem lies in the evaluation 
of the term "adequate strength" in relation to the other 
factors. To say that a ship which does not exhibit 
structural weakness is adequate, does not evaluate how 
over-adequate she may be at a cost to the other factors, 
particularly weight. There has been an understandable 
reluctance on the part of structural designers to arrive 
at a minimum design criteria by trial and error, for error 
in ship structures is not usually correctable in the trial 
ship. Only after conclusive experience or in the face of 
necessity have bold departures been made from past practice. 

In no single type of ship has more structural 
experience been gained, more valuable experimentation been 
carried out, or has necessity pushed harder than in the 
destroyer type. Since their inception in the late 
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nineteenth century, destroyers have been critical in most 
every design sense, much moreso than other types. The 
measure of success in destroyer design has been the degree 
to which the desired military characteristics have been 
obtained in relation to the overall size of the ship. Thus 
every design characteristic must, in the destroyer type, be 
evaluated more in terms of weight and space than in other 
types. With smaller safety factors, closer tolerances, 
and lighter scantlings, they represent the maximum yet 
achieved in the reduction of weight in ship structural 
design. 

It was with these factors in mind that we decided to 
use a modern destroyer as our guinea pig in the analysis 
of the relation between the weight, strength, and, to a 
lesser degree, the arrangements, in a longitudinally framed 
ship. It was our feeling that perhaps if there were some 
knowledge of the relative effect upon weight in using a 
given arrangement of structural members, the arrangements 
might, at an early stage of the design, be compromised to 
the least weight structure. We at least hoped to determine 
what relative magnitude of weight saving is possible purely 
through the variation in the spacing of the stiffening 
members. At the same time of course, we are determining 
what penalty is paid in departing in any direction from 
the least weight solution. 



He PROCEDURE 



2.1 Layout 

Having decided to base the calculations on a destroyer 
type., some typical dimensions were picked and the necessary 
shell expansion and the shell cross-sections were drawn. 

It was decided that in order to eliminate the effect of bow 
and stern framing (not related to the problem of ship girder 
stresses with which this work is concerned) only the midship 
three-fifths length of this hypothetical destroyer would be 
considered. The ends of this section are very close to the 
points where close-spaced transverse frames are introduced 
at either end in most destroyers. 

In drawing the sections , some typical bulkhead 
locations and platform deck arrangements were picked and the 
required main deck openings which would normally be present 
in a destroyer deck were laid out. This provided the 
minimum number of invariable factors which it was felt would 
normally confront the structural designer. The only 
variation which was later allowed was a two foot movement of 
transverse bulkheads in the longitudinal direction, to fit 
the various standard web frame spacings which were later 
introduced. 

Thus, a series of large panels of shell, which were to 
be stiffened against the loads which were imposed by design 
criteria, were established. It was determined that in the 
deck it was impractical to vary the spacing of longitudinals, 
as the large number of openings made any systematic variation 
incompatable with arrangement problems. One average 
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arrangement of longitudinals for the deck, to be used in all 
studies, was therefore selected,, On the sides and bottom, 
however, a series of grids, longitudinal and transverse, 
which could be superimposed, one on the other, was es- 
tablished. Thus, the effect of (a) variation of longitudinal 
spacing on a given web spacing and (b) variation of web 
spacing on a given longitudinal spacing, could be measured. 

For the web systems, a variation from the spacing 
amidships to a smaller spacing at the ends was established, 
in order to effect a more gradual transition from midship 
section scantlings to bow and stern framing scantlings. 

For consistency a ratio of two to three between the end and 
midship spacing of web frames was chosen. It was decided 
that an eight foot spacing amidships, in conjunction with 
the reduced spacing in the ends, was as close as web frames 
could be placed without encountering unrealistic arrangement 
problems in the ends. The spacing amidships was increased 
by first a small amount (one foot) and than a large amount 
(four feet) to measure the effect of small and large 
changes in the longitudinal spacing of webs. Thus, three 
grid systems of lS'/QS 9’/6', and 8 5 /5»34* web spacings 
were established, each of which were plotted on the shell 
expansion and adjusted for compatibility with the established 
bulkhead locations. 

For longitudinal systems, the spacing was varied from 
a specified amount at the neutral axis to a closer spacing 
at the bottom and at the sheer strake. Rather than decide 
on spacings, the number of longitudinals to be spaced around 
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the girth and the ratio between the spacing at the neutral 
axis and the spacing at the bottom and sheer strake plating 
was selected. A constant value of 1.17 was used for this 
ratio. Judging from existing designs* twelve longitudinals 
seemed to be the most likely number for the girth which had 
been chosen. Accordingly* 15* 12* and 9 longitudinals were 
chosen to give a variation of 33$ more or less than the 
normal. 

The decision to space the longitudinals closer at the 
bottom and at the sheer strake was based on a suspicion that 
they would contribute more to the moment of inertia at these 
locations than at the neutral axis. On the other hand* it 
was realized that they reduce the required scantlings of the 
bottom and sheer strake plating* while increasing the 
minimum thickness of plating at the neutral axis. The 
relative merits of varying the longitudinals in this manner, 
against reversing the procedure* are discussed in the 
appendix . 

In a similar manner to that used in adjusting web 
frames for compatibility with the shell expansion* each 
longitudinal system was adjusted to the ship. First, the 
longitudinals were spaced around the girth of the ship. 

An effort was made to keep the total girth of wide spaced 
longitudinals at the neutral axis constant in all three 
longitudinal schemes. Next the strakes were laid out in 
such a manner that seams were placed within six inches of 
the transition from narrow to wide spacing. This work was 
done on a cross-section of the midship section. The girth 



readings were then transferred to a shell expansion and the 
seams and longitudinals were marked off. The longitudinals 
and strakes could then be run from end to end utilizing 
platform decks and longitudinal bulkheads as points of 
longitudinal support, thus eliminating some longitudinals 
in the ends. 

In numbering and tabulating the nine separate schemes, 
the following nomenclature was chosen; 

a) Web Frame Grids 

i. 8* spacing amidships, 5.34' spacing at ends----A 

ii. 9* " " 6* " ” " B 

iii . 12* n " 8' " " " C 

b) Longitudinal Frame Grids 

i. 9 longitudinals -1 

ii. 12 " ———2 

iii. 15 " - ---3 

Thus, nine separate schemes (1A, 2A, 3A, IB, 2B, etc.) were 
calculated, each representing a possible framing system. 

For each of the nine schemes, there were three calculations 
of scantlings and weight per foot (one amidships, one for- 
ward and one aft) and a web frame weight for each web frame 
in each scheme. 
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